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Technical Field of the Invention 

The invention relates to integrated circuits (ICs) and, more particularly, 
to boundary scan cells implemented at input and output pins of ICs to simplify 
testing of the ICs and their wiring interconnections. 



Background of the Invention 

Boundary scan testing is very well known in the art and is supported by 
an IEEE standard (IEEE 1149.1) which details its implementation and 
operation modes. Figure 1 illustrates the logic arrangement of a prior art 
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boundary scan ceU for use in boundary scan testing at IC outputs. The 
boundary scan ceU contains an input multiplexer (Muxl), a capture/shift 
memory (Meml) such as a flip-flop or other latch circuit, an output memory 
(Mem2) such as a flip-flop or other latch circuit, and an output multiplexer 
(Mux2). Muxl is controlled by a select signal (Select 1) to aUow Meml to load 
data from either the serial data input or the system data output by the IC core 
logic. Meml loads data in response to a control signal (Control 1). The output 
of Meml is input to Mem2 and is output as serial data. Mem2 loads data from 
Meml in response to a control signal (Control 2). Mux2 is controlled by a 
select input (Select 2) to allow it to output to the IC's output buffer either the 
output of Mem2 or the system data from the IC core logic. A pluraHty of these 
boundary scan ceUs can be connected serially, via the serial input and output 
lines, to form a boundary scan register . 

In Figure 1, the output boundary scan cell logic is enclosed in dotted 
lines. The boundary scan ceU connects an output from the IC's core logic to 
the IC's output buffer. The output buffer outputs a high CV+) or low (G) 
voltage in response to the logic level it receives from Mux2. The boundary 
scan cell is reaHzed in the same region of the IC as the core logic, i.e., the core 
region, hi most instances, i.e. when implemented in accordance with the ruj.es 
stated in the IEEE 1149.1 standard, the boundary scan cell logic is dedicated 
for test purposes and is not shared with system logic ftmctions. In this way, 
the boundary scan cell can be accessed for non-intrusive test operations 
without disturbing the IC's normal functional operation. 

The IEEE 1149.1 standard defines three types of test operations for 
boundary scan ceUs, a sample test operation (Sample), an external test (Extest) 
and internal test (Intest). Sample is a required test mode for 1149.1. During 
Sample, the IC is m normal operation (i.e. IC's core logic is connected to the 
output buffers via Mux2) and Muxl and Meml are operated to capture and 
shift out normal IC output data. Extest is another required test mode for 
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1149.1. During Erteat, output boundary scan ceUs are used to drive test data 
from IC outputs onto wiring interconnects, and input boundary scan cells are 
used to capture the driven test data at IC inputs. In this way, Ebctest can be 
used to test wiring interconnects between IC inputs and outputs on a board. 
Intest is an optional test mode for 1149.1. During Intest, input boundary scan 
ceUs are used to drive test data to the IC's core logic, and output boundary 
scan ceUs are used to capture the response from the core logic. In this way, 
Intest can be used to test IC core logic. 

During normal IC operation, the output of the IC's core logic passes 
through Mux2, to the output buffer, and is driven off the IC by the output 
buffer. Therefore, during normal mode, the IC output fimction is not effected 
by the boundary scan ceU, except for the delay introduced by Mux2. If, durimg 
normal operation, a Sample is performed, the boundary scan cell receives 
Select 1 and Control 1 input to capture system data and shift it out for 
inspection via the serial output. 

During test operation, the output of the ICa core logic is received by the 
boundary scan cell for capturing and shifting, but Mux2 is controUed by Select 
2 to output the test data stored in Mem2 to the output buffer. Therefore, 
during test mode, the IC core logic output function is disabled by the boundary 
scan ceH. If, during test operation, an Extest or Intest is performed, the 
boundary scan ceU receives Select 1 and Control 1 inputs to capture system 
data into Meml and shift it out for inspection via the serial output. While 
Meml is capturing and shifting data, Mem2 outputs stable test data to the 
output pin. After Meml has completed its capture and shift operation in 
Extest it contains new test data to be loaded into Mem2. Meni2 loads the new 
test data from Meml in response to a signal on Control 2. After Mem2 
receives the new test data, it is output from the IC via Mux2 and the output 
buffer. The purpose for Mem2 is to latch the IC'a output at a desired test 
logic state while Meml is capturing and shifting data. Without Mem2, i.e. if 
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^^ut of Me»l were connected to Mu^ directly, the IC's output would 
t^^on between logic (i.e. ripple) states as data is captured into and shifted 
through Meml. 

Bc^ples Of the boundary scan ceH of Figure 1 perfonning Sample, 
toest and mtest operations are illustated in the ti^ diagram of Kg„re 
lA Inttetiuung diagram of Figure lA and all following toing dlagraxns. 
C md.cat.ons on the Control 1 and Control 2 signals indicate a low-high-low 

^s^aT^r:'"^''*^'^'"^''^^ provides the control to 
^re da^ mto Meml and Mem2. respectively. Logic zero and one levels on 
the Select 1 and Select 2 signals indicate logic levels used to control the 
operahon of Muzl and Mux2, respectively. Also, seven Control 1 "C signals 
a« used m all e^ple timing diagrams. He first Control 1 «C" signal 
mdicates the capture of data into Meml, and the foUowing siz Control "C 
signals represent the shifting of data through six seriaUy comaected boundary 
scan cell drcuits. 

I" ^8»" 2. a known improvement to the boundary scan ceU of Figure 
lisshown. TteimprovementisbroughtaboutbyreahzingMuz2inthebuffer 
reg,on of the IC's output buffer. Relocating test logic in the IC buffer region 
frees up area in the IC's core logic for system (non-test) logic functions The 
Iog,c required in the IC's core region is reduce! by the size of Mu.2 for each 
reqmred output boundary scan ceU. This leaves only the boundary scan ceU's 
Muxl, Meml, and Mem2 as test logic overhead in the IC's core region. The 
amount of boundary scan ceU logic that needs to be placed and routed in the 
IC s core region is reduced. The boundary scan cell of Kgure 2 operates 
exactly like the one of Figure 1. 

Kgure 3 illustrates another known improvement to the boundary scan 
ceU of Figure 1. This improvement was described in 1990 by D. Bhavsar on 
pages 183-189 of IEEE Society Press Pubhcation "Cell Designs that Help Test 
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aUows detecting shorts between pins or to supply voltages or ground 
to conflict With the logic level atte=>pting to be driven out of theTutput 
buffer For example, dming Bctest, if a logic one i. driven from Mem2 the 
output buffer will attempt to drive out a logic one. However, if the output of 

^output buffer is Shorted to groundabighcurxentCorlowimpedanceJpath 

e:ast3mtheoutputbufferfromV.tbroughthe top transistorto ground, wL 
ca- result in a damaged or destroyed ouiput buffer. Similarly if Mem2 is 
dr-vmg out a logic zero and the output of the output buffer is shorted U, a 
-pply voltage, a high cu^t flow impedance) path erist. through the bottom 
trustor to ground (G), again resulting in a damaged or destroyed output 
buffe. The boundary scan ceU of Figure 3 allows detecting these short circuit 
<»n4taons by the addition of a third multiplexer (Mux3), a third select input 
(Select) and an mput buffer. Tt. input buffer inputs the logic state at the 
ou^ut of the output buffer. Mux3 inputs the ^ data and the logic state 
of the output buffer, via the input buffer, and outputs a selected one of these 
«o one input of Muxl. m this example, Mux3 selects the system logic 
Jf Sdect 3 « low (Intest) or the output buffer state if Select 3 is Hgh (Extest) 
h. Uns way, Meml captures and shifts system data from the IC's core logic 
durmg Sample and IntesVand test data from the input buffer during Extest. 

Examples of the boundary scan ceU of Figure 3 in Sample, Extest, and 
iitest operation are illustrated in the timing diagram of 3A. The 

boundary scan ceU of Figure 3 also aUows reducing the time that an output can 
be shorted. In the timing diagram of Kgure 3B, it is seen that after a luU 
^est operation, Extest 1 (ie. the Capture & Shift of Meml and the Updating 
of M^,, a short Extest operation, Extest 2 Q.e. the Capture Only of Meml 
(no shA) and Update of the captured data to Mem2), can be performed. The 
Extest 2 operation aUows test data from the output t» be updated into Mem2 
to correct any voltage conflict on the output For example, if the Extest 1 
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Z: H ,r °' ^'"'^ (V. to G through top transi^r) I .educed 
^ ^ n^er of TCK periods it taJ^s to ^ frou. the update step of Extest 
^ ^e update step of E::test 2, TCK being, for example, the test clock of IEEE 
1149.1. The ne^ fuU g^est operation (Extest 3) captures and shifts out the 

M^T TT resua^n. Change in stal! 

Mem2 brought about by the short Eztest operation (E^st 2). If no short to 
^und exited, then the E^ , operation would have reloaded uj^l 
tte Iog.c one fion. the Extest 1 operation, and the Extest 3 ope^tion would 
have venfied the logic one at the IC output. 

While this approach reduces the amount of time a voltage conflict can 

o^« " T"*- *^ " E^'t scan 

!Z ^ ^ ^ 2 update times in Kgure 3B, may stiU 

2^ger «.e output buffer. Also when the IC is first powered up in its Irmal 
mode, output conflicts due to shorts can exist for an extended amount of time 

!f ZTr S'-l^^^e boundary scanceU 

of 3 does provide short circuit detection and correction improvements 

«ver«.eoneinPigure l,itre,uires time to make ti. corrections Iddoes i; 

prov.de protection at power up where the IC immediately enters its normal 
operation A^o the boundary scan ceU of Hgure 3 re<^s an additional 

I ^ - ti. short Circuit detection 

and correction feature. 



'^J'^'' in view Of the foregoing to implement at least the 

fon^onaUty of thepriorart boundary scanceUsusingless of theIC core area. 
To ttas end. the present invention: provides a boundary scan cell that requires 
ess logic m the IC core region than prior art bomKiary scan cells; utilizes the 
IC output buffer as part of output boundary scan cells, and the IC input buffer 
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as part of input boundary scan cells; provides latchable input and output 
buffer circuits that serve the function of Mem2 in the prior art boundary scan 
ceUs; integrates the functions of Mux2 and Mem2 into IC input and output 
buffers to fadHtate boundary scan ceU logic reduction in the IC core region; 
provides a boundary scan ceU and output buffer combination that can 
inunediately and asynchronously detect and correct short circuit conditions on 
output pins during Extest operation; provides a boundary scan ceU and output 
buffer combination that can immediately and asynchronously detect and 
correct short circuit conditions on output pins when the IC is initiaUy powered 
up in its normal mode; and provides an IC power up method and procedure 
that prevents IC output buffers from being damaged or destroyed by short 
circuits. 
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Brief Descrintton nt th^ n 



Figures 1-3 illustrate prior art output boundary scan cell structures 
Rgure lA includes three tinung diagranas wMch iUustrate three 

t^T TJ""*""" "^"^^ *^ ^ '■"-^ -an cell 
5 Structure of Figure 1. 

ditr. "^r! -'^'^^ "l-trate three 

^erent test operations performed by the prior art output boundary scan ceU 
Structure of Figure 3. j <^ ceu 

! t ""Tl ""-'^ 'can ceU 

structure of Figure 3 to detect and correct for short circuits at the IC output 

figure 4 iflustxates an exemplary output boundary scan ceU structure 
according to the present invention. 

^ '"oanung diagrams which illustrate two different 

test operations performed by the output boundary scan cen structure of Kgure 

Figure 4B includes a timing diagram which illustrates another test 
operation performed by the output boundary scan cefl structure of Kgure 4 

- gateso^:4"''""""^'"''^^"'-^°''-^'^«----- 

Figure 6 illustrates another exemplary output boundary scan cell 
structure according to the present invention. 

Kgure 6A includes three timing diagrams which iUustrate three 
25 "'"^"'"•'^"-^^''^'^-"tP^tboundaryscancenstructa^^ 

^^S-^fiBincludestwotimingdiagramswhichillustxatetwoadditional 
test operatKins performed by the output boundary scan ceU structure of Figure 

Prior art output boundary scan ceU structure for 
-10 use with a three-state output. 
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accrdmg to the present invention for us. ^th a three-state output 

Figure 9 iUustrates a prior art input boundary scan cell structure 
Figure 10 illustrates an ezemplary input boundary scan ceU structure 

accordmg to the present invention. 

Figure 11 iUustrates another exemplary input boundary scan ceU 

structure acconling to the present invention. 

Figure 12 illustrates a modification to the structure of Hgure 4 to 

pemut safe power up of an IC whose ouiputs are shorted 

^'S-^lSillustotesamodificationofthestructureofRgureetopenmt 
safe power up of an IC whose outputs are shorted. 

Figure 14 illustrates another exeaiplary output boundary scan ceU 
structure according to the present invention. 

Figure 15 iUustrates another exemplary output boundary scan ceU 
structure according to the present invention. 

Figure 16 iUustrates another exemplary output bomuiaiy scan ceU 
structure according to the present invention. 
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Figures 4 and 6 iUustrate exemplary output boundary scan cells 
according to tbe invention, containing aU the features of the prior art output 
boundary scan cells of Figures 1-3 plus an improved short circuit detection and 
correction method, while requiring significantly less logic in the IC's core 
region. The boundary scan ceUs of Figures 4 and 6 provide the foUowing 
improvements over prior art output boundary scan ceUs; (1) increased 
boundary scan cell functionahty, (2) reduced boundary scan ceU logic overhead, 
and (3) improved output buffer short circuit protection. The boundary scan ceU 
of Figure 4 is designed to perform only the required 1149.1 Sample and Extest 
operations, whereas the boundary scan ceU of Figure 6 is designed to perform 
the required Sample and Extest operations, as weU as the optional Intest 
operation. 

In Figure 4, the boundary scan cell logic includes Muxl, Meml, two 
transmission gates (TGl and TG2), and a latch buffer. While transmission 
gates are used in Figure 4, other signal transfer or switching elements could 
also be used, such as tristatable buffers. Examples of a transmission gate 
arrangement and a tristatable buffer that could serve as TGl and TG2 are 
shown in Figure 5. The Mem2 function of the prior art is realized by the 
combination of the IC output buffer, the latch buffer, and TG2. The Mem2 
function and IC core logic thus share use of the IC output buffer. The Mux2 
function of the prior art examples is realized by TGl and TG2. The output of 
the IC output buffer is connected to the input of the latch buffer. The output 
of the latch buffer is connected to the input of the output buffer. In this 
arrangement, a latchable output buffer 40 is obtained when TGl and TG2 are 
disabled. The latching operation is realized by the latch buffer feedback which 
aUows the output of the output buffer to drive the input of the output buffer. 



In normal operation of the IC, TGl is enabled to pass system data to the 
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input of the output buffer, and TG2 is disabled. In teat operation of the IC, 
TG2 is enabled to pass test data from Meml to the input of the latchable 
output buffer 40 (which serves as Mem2), and TGI is disabled. The latch 
buffer is designed with a weak enough output so that when TGI or TG2 is 
enabled, either can overdrive the output of the latch buffer. However, when 
TGI and TG2 are disabled, the output from the latch buffer is sufficient to 
maintain at the output buffer's input a logic level fed back from the IC output, 
thus providing a latching feature which performs the Mem2 function. If 
desired, one or both of TGl and TG2 could be realized in the IC's output buffer 
region, to further reduce the amount of boundary scan cell logic in the IC's 
core region to as Uttle as Muxl and Meml. The positions of the Mux2 and 
Mem2 functions are reversed in Figure 4 as compared to the prior art 
examples in Figures 1-3, i.e. the Mem2 function (TG2, latch buffer, and 
output buffer) appears after the Mux2 function (TGl and TG2). 

During Sample operation, the IC is in normal mode wherein Select 2 
enables TGl and Contirol 2 disables TG2. The Control 2 signal is not active 
during normal operation and remains low to disable TG2. One way of keeping 
Control 2 inactive would be to gate it off with the Select 2 signal dining 
normal operation. In normal operation mode, the output of the IC's core logic 
(system data) passes through TGl to be input to the latchable output buffer 40 
and driven off the IC. Therefore, during normal operation, the IC output 
function is not affected by the boundary scan ceU, except for the delay 
intiroduced by TGl. During Sample, the boundary scan cell receives Select 1 
and Contarol 1 input to first capture into Meml tiie system data output from 
TGl to Mux 1, and tiien shift the captured data out for mspection via the 
serial output. The prior art cells capture system data entering Mux2 during 
Sample, whereas the boundary scan cell of Figure 4 captm^s system data 
leaving TGl. An example of the boundary scan ceU in Sample operation is 
illustrated in the timing diagram of Figure 4A. This timing diagram is the 
same as the one for the prior art cells, except that Control 2 remains low 
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during nonnal operations (and thns during Sample) to insure that TG2 does 
not become enabled. 

During Ehrtest operation. Select 2 disables TGI, therefore disabling the 
IC core logic from outputting data to the latchable output buffer 40 When the 
boundary scan ceU of Figure 4 is first placed into E^st operation, the 
latchable buffer 40 needs to be loaded with the output from Meml. To achieve 
this, a preload signal is output on Control 2 to cause TG2 to be enabled to 
dr^ve the logic value from Meml to the latchable output buffer 40. Afer the 
preload signal on Control 2 goes away, TG2 is disabled and the latch buffer is 
used to maintain the logic value at the IC output. This preloading of the 
latchable output buffer is required the first time the ceU is placed in Extest 
operation mode. After the initial preload operation is performed. aU other logic 
transfers from Meml to the latchable output buffer will occur as the Meml to 
Mem2 transfers were described in the prior art boundary scan cells, i.e. in 
response to Control 2 input. 

In Extest operation mode, the output of the latch buffer is input to Mu::l 
for captming and shifting while the latchable output 40 buffer outputs stable 
test data. Comiectiag Mm^l to the output of the latch buffer allows 
observation of the IC output as in the prior art boundary scan cell of Kgure 3 
Durmg Extest operation, the bomidaiy scan cell receives Select 1 and Control 
1 mput to capture the IC output pin data into Meml and then shift it out for 
mspection via the serial output. While Meml is capturing and shifting data 
TG2 IS disabled by Control 2 to allow the latchable output buffer 40 to' 
maintain stable test data at the output pin. After Meml has completed its 
captmre and shift operation it contains new test data to be loaded into the 
latchable output buffer 40. The latchable output buffer 40 loads the new test 
data from Meml via TG2 in response to a signal on Control 2. When the 
latchable output buffer 40 receives new test data, the data is output directly 
to the output pin. Mem2 of the prior art cells outputs new test data to the 
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ou^ut pin by fct passing the data through Mn^. i.e. not directly to the 
outputbuffer. ^n e:^p,e of the boundary scan cell in E^st^Mont 
U^^tra. in^etin^ga^^gra^oTHgnre^A. Note that the pJo^^^: 

to the latchable output buffer 40 at the beginning of the E^est operation is 
not shown in the Keure 4A j- ^ . "peranou, is 

th» * . ^ O""^ when 

a^Extes operation ofKg„re4Ais entered. Note also that the ceU of Figure 
4 does not require the additional Mu^ and Select 3 signal required in^ 
™ceUof3.gure3.^„^^^„,^,,,^J^:^^^^^^^ 

In Figure 6, the boundary scan ceU logic indoles Muzl, Meml. three 
l'r^";r' (TGI. TG^. and TOSX and a lateh buffer. The boundary 
^an cens of Figure 4 and Figure 6 are identical except for the inclusion^ 
^ 6 of TG3 between the outputs of TGX and TG2 and the input to the 
^able output buffer «. While TGX and .^2 can be any Jof sig^ 
element as shown for e^unple in 6, ^3 must be ablfto 

~ signals bi^uaUy. So TO3 would need to operate as the 
^sion gate example of Figure 5, or some other type of bi-dire^onal 
signal t^er elenxent. Tte reason for tte bi-directional behavior of TG3 is 

discussed below. One ormore of TGl Tr9 »„jTr^Q .jv. 
Mrt „f fh , ,u^, ' ""^^^ implemented as 

part of the latchable output buffer 40 in the IC's output buffer region to reduce 
the amount of test logic in the IC co« region to as Uttle as Muxl and Meml. 



^ ~ "P^-tio" the IC, TGI and TO3 are enabled to pass system 

omeIC.TG2 and TG3 are enabled to pass test datafromMeml to tL input 
of the output buffer, and TCl is disabled. When TO3 is enabled it overdrives 

^ output of the la,^ buffer to pass system or test data to the output pi. 
When TG3 is disabled, the latch buffer maintains feedback from the IC ou^ut 
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to the input of the output buffer to latch and hold test data at the output 



pm. 



During Sample operation, the IC is in normal mode wherein Select 2 
enables TGI, a Transfer signal enables TG3, and Control 2 disables TG2. In 
normal operation mode, the output of the IC's core logic passes through TGI 
and TG3 to be output from the latchable output buffer 40. During Sample, the 
boundary scan ceU receives Select 1 and Control 1 input to first capture into 
Meml the system data output from TGI to Muxl, and then shift the captured 
data out for inspection via the serial output. This Sample operation is thus the 
same as described for the ceU of Figure 4. An example of the Figure 6 
boundary scan ceU in Sample operation is iUustrated in the timing diagram of 
Figure 6A. 

During Extest operation, Select 2 disables TGI, therefore disabling the 
IC core logic from outputting data to the latchable output buffer 40. When the 
boundary scan ceU of Figure 6 is first placed into Extest operation, the 
latchable buffer 40 needs to be loaded with the output from Meml. To achieve 
this, a preload signal is output on Control 2 and Transfer to cause TG2 and 
TG3 to be enabled to drive the logic value from Meml to the latchable output 
buffer 40. After preloading tiie latchable output buffer, TG2 and TG3 are 
disabled to allow the latchable output buffer to maintain the preloaded logic 
value at the output pin. 

During the capture step of the Extest operation, TG2 is disabled by 
Control 2 and TG3 is momentarily enabled by Transfer to allow the output of 
the latch buffer to be captured into Meml via Muxl. After the captinre step, 
TG3 is disabled and the shifting step of the Extest operation is performed. The 
latchable output buffer 40 remains stable during the shifting step via the latch 
buffer feedback. The momentary enabHng of TG3 by the Transfer signal aUows 
the IC output to be captured as in the prior art boundary scan cell of Figure 
3, but without the overhead of the additional Mux3 and Select 3 signal 
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required in the Figure 3 ceU. After Meml has completed its capture and shift 
operation it contains new test data to be loaded into the latchable output 
buffer 40. The latchable output buffer loads (updates) the new test data from 
Meml in response to a momentary enabling of TG2 and TG3 by the Control 2 
and Transfer signals. The latchable output buffer holds the new test data at 
the output pin when TG2 and TG3 are disabled after the data is transferred. 

An example of the Figure 6 boundary scan cell in Extest operation is 
iUustrated in the timing diagram of Figure 6A. Again, note that the preload 
signals on Control 2 and Transfer, described above to initially transfer the logic 
value from Meml to the latchable output buffer 40 at the beginning of the 
Extest operation, are not shown in the timing diagram of Figure 6A, but have 
already occurred when the Extest operation of Figure 6A is entered. Also note 
the bi-directional behavior of TG3 during the Extest capture and update 
operations. During the capture operation, TG3 is enabled by Transfer to pass 
data from the latchable output buffer 40 to Meml via Muxl, while during the 
update operation, TG3 is enabled by Transfer to pass data from Meml to the 
latchable output buffer 40. 



During Intest operation in Figure 6, Select 2 disables TGI, therefore 
disabling the IC core logic from outputting data to the latchable output buffer 
40. When the boundary scan ceU of Figure 6 is first placed mto Intest 
operation, the latchable output buffer 40 is preloaded with test data from 
Meml in the same manner as described in the Extest operation. 

During the capture step of the Intest operation, TGI is momentarily 
enabled by Select 2 while TG2 and TG3 remain disabled. Momentarily 
enabling TGI aUows system data from the IC core logic to be captured in 
Meml via Muxl. Since TG3 is disabled, the state of the latchable output 
buffer 40 is maintained during the capture step. After the capture step, TGI 
is disabled along with TG2 and TG3 as the captured data is shifted out of 
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Meml. The momentary enabhng of TGI by Select 2 aUows the IC's system 
data to be captured and shifted out as described in the Intest operation of the 
prior art boundary scan ceU of Figures 1-3. After Meml has completed its 
capture and shift operation it contains new test data to be loaded (updated) 
into the latchable output buffer 40. The latchable output buffer 40 loads the 
new test data from Meml in response to a momentary enabling of TG2 and 
TG3 by the Control 2 and Transfer signals. The latchable output buffer 40 
holds the new test data at the output pin when TG2 and TG3 are again 
disabled. An example of the boundary scan cell in Intest operation is 
iUustrated in the timing diagram of Figure 6A. Again, note that the preload 
signals on Control 2 and Transfer, described above to initially transfer the logic 
value from Meml to the latchable output buffer 40 at the beginning of the 
Intest operation, are not shown in the Figure 6A timing diagram, but akeady 
have occurred when the Intest operation of Figure 6A is entered. 

While the above described way of loading (updating) Meml data into the 
latchable output buffer 40 during Extest and Intest is preferred for output pin 
short; circuit protection (as wiU be described later), an alternate loading method 
is possible. The alternate method is similar to the one described above except 
that Control 2 for tiie ceU of Figure 4 and Contirol 2 and Transfer for the ceU 
of Figure 6 are activated to enable TG2 of Figure 4 and TG2 and TG3 of Figure 
6, respectively, immediately when Extest or Intest is entered. This condition 
remains in effect during Extest and Intest except when data is being captured 
and shifted in Meml. Using this alternate method, TG2 (Figure 4) or TG2 and 
TG3 (Figure 6) output Meml test data to the latchable output buffer 40 at aU 
times except when Meml is capturing and shifting test data. During capture 
and shift operations. Control 2 or Contirol 2 and Transfer are operated as 
required (for example as described above with respect to Figures 4 and 6) to 
cause the appropriate data (output data for Extest or IC data for Intest) to be 
captiired and shifted in Meml. After tiie capture and shift operation 
completes, Contirol 2 or Control 2 and Transfer again enable TG2 or TG2 and 
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TG3 to transfer test data to the latchaHe output buffer 40. Rather than the 
previously described momentary activation of Control 2 or Control 2 and 
Transfer to pass Meml data to the latchable output buffer 40, this alternate 
method uses contmuoua levels on Control 2 or Control 2 and Transfer to 
continuously transfer Meml data to the latchable output buffer except during 
Meml capture and shift operations. The operation of Control 2 or Control 2 
and Transfer using this alternate control method is shown in the tim,-r,g 
diagrams of Figures 4B and 6B. 

One benefit of using momentary Control 2 or Control 2 and Transfer 
signals, rather than holding them at enabhng levels, is that the momentary 
activation aUows TG2 or TG2 and TG3 to pass test data to the latchable output 
buffer 40 during a short period of time, and then allows the latch buffer to 
latch and hold the test data at the output pin. Holding Control 2 or Control 
2 and Transfer at enabled states forces TG2 or TG2 and TG3 to drive test data 
to the latchable output buffer 40 continuously, overriding the short circuit 
corrective action of the latch buffer feedback feature. 

For example, if a short to ground existed on the IC output pin and the 
momentary control method were used to tiransfer a logic one from Meml to the 
latchable output buffer 40, the latchable output buffer would temporarily force 
(during the Contirol 2 or Conti-ol 2 and Transfer time) tiie output to a logic one. 
However, after the momentary conti^l goes away, the latchable output buffer 
40 would, due to the output feedback from tiie latch buffer, immediately switch 
from outputting a logic one to outputting a logic zero, thus removing the 
voltage contention at tiie IC output pin. If tiie alternate (continuous) conti^l 
metiiod were used to continuously tiransfer a logic one from Meml to tiie 
latchable output buffer 40, tiie latchable output buffer would ati^mpt to 
continuously force tiie shorted output to a logic one for as long as Contix)! 2 or 
Contirol 2 and Transfer are set high. The advantage of the momentary control 
metiiod over the continuous contirol method tiien, is tiiat it reduces the time a 
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short drcuit (or other voltage contention) condition can exist on an output pin, 
and therefore reduces the possibiUty of an output buffer being damaged or 
destroyed. 

The boundary scan cells of Figures 4 and 6 provide improved short 
circuit protection over the method employed in prior art Figure 3. In Figure 
3, the short circuits to ground or supply voltages (logic zero or one) are 
corrected by performing back to back scan operations (Extest 1 and Extest 2). 
The method of Figure 3 aflows a shorted output to be maintained for the 
number of TCK periods required to go from updating test data in Extest 1 to 
updating test data in Extest 2. Using the IEEE 1149.1 test standard timing 
as an example, a minimum of four TCK periods must occur between the above- 
described Extest 1 and Extest 2 update steps. Using the prior art boundary 
scan cell of Figure 3, a short circuit wiU exist at an output pin for at least 4 
TCK periods. TCK frequencies can range from single step rates of say 1 hertz, 
to free running rates of say 20 megaherte. While a low current output buffer 
may be able to tolerate a short of a given duration without complete 
destruction, a high current output buffer may not. Even if an output buffer 
appears to operate normally after being shorted for 4 TCK periods, it may be 
so degraded by the short as to significantly reduce ite life expectancy in the 
field, causing early and unexpected system failures. Also, multiple pin shorts 
can occur, causing multiple output buffers to be stressed between update steps, 
caTising heat to build up in the IC. 

Using the boundary scan ceUs of the present invention in Figures 4 and 
6, the latchable output buffer 40, when used in combination with the 
momentary control method of Control 2 (Figure 4) or Control 2 and Transfer 
(Figure 6), significantly reduces the time an output buffer can be forced into 
a short circuit condition. For example, the Control 2 or Control 2 and Transfer 
signals can be made to momentarily enable TG2 or TG2 and TG3 for only one 
half TCK period during update. After the momentary update enable goes 
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away, the latch ^ 

conitionhmnediately. In comparing short drcmt correction times between 
the boundary scan ceU of Figure 3 (4 TCK periods) and those of Figures 4 and 
6 (1/2 TCK period), the cells of the present invention correct shorts in 12 5% 
ofthet^ittakesthepriorartceUtocorrectshorts. Therefore the invention 
reduces the potential for «.tput buffers to be degraded or destroyed during 
Extest or Intest operation. The reason for tUa improved short circuit 
protection provided by the invention is that the latchable output buffer 40 
unmediately and asynchronously corrects ftr logic differences between the 
mput and the output of the output buffer using the latdi buffer as a feedback 
mechamsm. 



When 3-state (3S) output buffers are used in ICs, Figure 1 prior art 
boundary scan cells are placed at the data input and at the S-state control 
mput of the 3-state output buffer, as shown in Figure 7. These boundary scan 
cells anew inputting system data and 3-state control to the S-state buffer. 

Figure 8 shows an example of how a boundaiy scan cell similar to 
Figm^ 4 can be used to control 3-state output buffers. During normal 
operation, tha 3-state (3S) buffer of Figure 8 is enabled or disabled by the 3S 
control output from the ICs core logic. In test operation, the 3-state buffer 
IS enabled or disabled by the test data stored mU, the latchable output buffer 
81 of the boundary scan ceU 80 of Figure 8. Note that the boundary scan ceU 
80 of Figure 8 uses a normal data buffer 82 to produce the latchable output 
mstead of using the IC output buffer as shown in Figures 4 and 6 The' 
operation of Uie Figure 8 cell 80 is (he same as in Figure 4. Although the 
boundary scan cell 80 uses a mrm^ data buffer 82 to create the Mem2 
fanction instead of using the IC output buffer as shown i. Figures 4 and 6 
the ceU 80 still requires less logic than the prior are cells in Figures 1 and 7 
even without using the output buffer as part of the ceU. 
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Figure 9 shows an example of how the prior art boundary scan ceU of 
Figure 1 is used on IC inputs. During normal IC operation the cell passes data 
from the output of the input buffer to the IC's core logic, via Mux2. During 
test mode the ceH passes test data from Mem2 to the IC's core logic, via Mux2 
In either mode, system data from the input buffer can be captm-ed and shifted 
out of Meml, as previously described with respect to the Sample operation 
Durmg test mode, the ceU type of Figure 9 allows holding the input to the IC's 
core logic at a stable state between update operations, via the use of Mem2 and 
Mu:c2. ms holding of stable test data is important on asynchronous IC inputs 
Uke resets, enables, etc. A known problem with this approach is that the 
strong output drive capability of the input buffer is prevented from being 
utihzed, since the output of Mui2 drives the core logic, to many cases a large 
data buffer 90 (shown in dotted lines) is required on the output of Mu^ to 
provide the required drive to the core logic. This high drive data buffer 90 
mcreases logic overhead and introduces an additional delay in the input data 
signal path. 

Figure 10 illustrates an exemplary boundary scan cell according to the 
present mvention implemented at an IC input. The boundary scan cell is 
shown m two parts. The first part 100 includes Muxl, Meml, and TG2 and 
the second part 101 includes TGI, and a latchable input buffer 103 comprising 
the IC mput buffer and a latch buffer. While the drcmt elements of the Figure 
10 bomidary scan cefl can be placed anywhere in the IC, in the Figure 10 
example the first part 100 is implemented in the IC core logic region, and the 
second part 101 is implemented in the IC input buffer region. The Mem2 
function of the prior art bomidary scan ceU of Kgure 9 is realized in the input 
bomidary scan ceU of Figure 10 by the combination of TG2, the IC input buffer 
and the Utch buffer. Also the Mui2 function of the prior art ceU of Figm^ 9' 
is realized in Figure 10 by TGI and TG2. 



During Sample, TGI is enabled by Select 2 to input data to the IC 

TM9785 - 20- 



lopc via the input buffer, and TG2 ia disabled by Control 2. Setect 1 and 
Control : inputs can be appHed to aUow the data ouijmt from TGI to be 
captured and shifted out of Meml to provide the Sanqde operation. During 
Jbrtest, TGI is enabled by Select 2 to allow Meml to capture and shift out data 
mput to the IC in response to the Select 1 and Control 1 signals. During 
Intest, TGI is disabled by Select 2 to block ertemal signal interference while 
Muxl, Meml, and TG2 are operated analogously to the previously described 
cell of figure 4 to; (1) capture test data from the output of the latohahle input 
buffer 103, (2) shift data from serial in to serial out, and (3) update new test 
data to the input of the latohahle input buffer 103 to be input to the IC core 
logic The latahable input buffer is preloaded with test data from Meml at the 
begmmng of Intest in the same way that latehable output buffer 40 is 
preloaded, as previously described with respect to Kgure 4. The Figure 10 ceU 
aUows the mput buffer to drive the core logic and thus ehminates the need for 
the additional high drive data buffer 90 of Kgure 9 and the signal deUy it 
introduces. 

In Figure 11, another exemplary boundary scan ceU is implemented at 
an IC input. The Figure 11 boundary scan ceU is similar to the one of Figure 
10 except that the second part 111 includes TG3 at the input of the latehable 
mput buffer 103. TG3 aUows the Figure 11 ceU to input a safe logic value to 
the IC core logic during Eztest. The Mem2 function of the prior art boundary 
scan ceU of Figure 9 is reaHzed in the input bomidary scan ceU of Figure 11 by 
the combination of TG2, TG3, the IC input buffer, and the latch buffer Also 
the Mux2 function of the prior art ceU of Kgure 9 is realized in Figure 1 by 
TGI, TG2 and TG3. 

During Sample, TGI and TG3 are enabled by Select.2 and Transfer to 
input data to the IC core logic via the input buffer, and TG2 is disabled by 
Control 2. Select 1 and Control 1 inputs can be appHed to aUow the data 
output from TGI to be captmred and shifted out of Meml to provide the 
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Sample operatio.^ Dum« Extest. TGI is enabled by Select 2 to allow Meml 
to capture and shift out data input to the IC in response to the Select 1 and 
Control 1 signals. In Estest, TG3 is disabled by Transfer to allow the latchable 
input buffer 103 to hold stable data to the IC core logic during capture and 
shift operations, which prevents the core logic from seeing the logic input to 
the mput pin during test The Transfer signal can be controUed to 
continuously hold safe data to the cor, logic or can be controlled in conjunction 
with Control 2 and TG2 to update new test data from Meml to the latchable 
mput buffer 103 at the end of each scan operation. During Intest. TGI is 
disabled by Select 2 to block external signal interference while Muxl, Meml 
TG2, and TG3 are operated analogously to the previously described ceU of 
F.p»e 6 to; (1) capture test date from the output of the latchable input buffer 
103, (2) shift date from serial in to serial out, and (3) update new test date to 
the latchable input buffer 103 to be input to the IC core logic. At the 
begimung of Intest or E^st, TG2 and TG3 are operated to preload date from 
Meml to the Utehable input buffer 103 in the same mamier that latchable 
output buffer 40 is preloaded, as previously described with respect to Kgure 
6. The mput bomidaiy scan cell implementetion of Figure 11 aUows the input 
buffer to drive the core logic and thus eliminates the need for the additional 
high drive date buffer 90 of Figure 9 and the signal delay it introduces. 

The above^escribed invention thus provides advantages indudinr in 
P.gure4thecombiiiationofTG2, the latch buffer, and the output buffer realize 
theMema &nctionof the prior art boundary scan cells, therefore reducing test 
logic overhead significantly; in Figure 6 the combination of TG2 and TG3 the 
latch buffer, and the output buffer realize the Mem2 function of the prior art 
boundary scan cells, therefore reducing test logic overhead significantlr one 
or both of TGI and TG2 of Figure 4, and one or more of TGI, TO2, and'TG3 
of Figure 6 can be integrated into the output buffer region ofthe IC to reduce 
the boundary scan logic required in tiie IC's core logic to as Uttle as Meml 
and Mmtl; in Figure 4, TGI and TG2 realize the Muz2 function ofthe prior art; 
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bounda^ oelb. therefo« reducing test logic overhead dg^cantl^ in 
P.^ 6, TGI, TG2 and TG3 realize the Mux2 faction ofrpri^ 3^ 
boundary scan cella. therrfore reducing test logic overhead significantly- the 
boun^ scan calls of Kgores 4 and 6 allow testing the logic state of the IC 
output pu, via the latch buffer feedback path, ™thout having to add a third 
mult.ple«r. selection control and a short Ertest operation as required in the 
art ceU of Kgure 3; TG3 of Figure 6 is bi-directional. aHowing output pin 

m1 d '"^ ^ 

data 0 be p^^ to the output pin's Utchable output buffer during 

Extest or Intest update- ope^tions; the latchable output buffer aUows for 

m^ed^ate and asjnichronous correction of voltage level conflicts at the IC 

output of tie out^t buffer; a normal data buffer can be used in place of the 

C output buffer to achieve the function of Men^. as seen in Hgure 8; the 

ou^ut boundary scancenstructin-es of Kgures4and6canbeadaptedforus^ 
at IC mpu^ as shov™ in Figures 10 and 11; the Men^ faction of prior art 

,T K ^ '^^ eiti^er and a feedback 

Utch buffer (Figure 10) or TG2 and a feedback latch buffer and TG3 (Kgure 
11), m cou^ination with the IC input buffer; ti« Mux2 function of prior art 

Sra!!™'"""'^""'""^''^''''^''™^'^^^!"^"™^ 
TG2 and TC3 (^gure 11); and the input boundary scan cells of Kgures 10 and 
11 allow the IC input buffer to drive the core logic, eUnunating the need for a 
high dnve data buffer on tiie Mux2 output of prior art cells. 

Printed wiring boards and other multi-chip modules which include 
multiple ICS are conventionally powered up with the test logic of the ICs 
configured to put the IC in its normal operating mode wherein, for e^unple 
the IC core logic is connected directly t«, the IC output buffer to drive off of thJ 
IC. However, a newly assembled printed wiring board or. other multi-chip 
module could include defects which cause one or more IC output pins to bl 
diorted to ground, supply voltage, » other IC pins. If such defects exist at the 
time of initial power up of the newly assembled mdti-chip module, then the 
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outpu buffers which drive the shorted IC pins, which output buffers are 
cbrectly cormeCd to the core logic of the IC, could be dan.aged by the short 
arcuits before testing could be done. The invention therefore provides a 
structure, method and procedure for using the bo«.dary scan cells of Figures 
4 and 6 m a way that prevents ICs from outputting data on output buffers 
until testing for shorts has been performed. 

Figure 12 iUustrates a boundary scan cell identical in structure and 
operation to the one in Figure 4, except that TGl is controUed by a signal 
output from an AND gate 120 instead of the Select 2 signal. The AND gate 
recdves two inputs. Select 2 and Disable. AU signals previously described 
rdafve to Figure 4 operate the same in Kgure 12. The Disable signal and the 
AND gate are the differences between Figure 4 and 12. The AND gate is not 
a required part of each boundary scan cell, but rather is a single gate whose 
output is input to plural output boundary scan cells in the IC. 

When the IC is powered up, the Disable signal is set low. The source of 
the Disable signal could be an IC mput pin. When Disable is low at power up 
the latchable output buffer 40 is not driven by the IC core logic, but rather the 
C output goes to a stable state in response to feedback from the latch buffer 
If a short to ground existed at the IC output, the stable state would be a logic 
zero ff a short to supply voltage existed at the IC output, the stable state 
wou^d be a logic one. If no short e^ted, the stable state would be the logic 
level input by the latch buffer. The latch buffer be designed with 
hysteresis to avoid oscillation of the latchable output buffer 40 when the IC 
output is not shorisd to ground or si^ly voltages. 

Because the low Disable signal serves only to isolate the core logic from 
the output buffer via TGl, it does not affect the Extest operation as described 
above relative to Figure 4. Thus, after the IC has been powered up as 
descnbed,anErtest operation canbeperfonned as describedrelative to Figure 
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4. Once m Eztest operation, the boundary scan cells are operated to test for 
^or^ outputs. It is important to note that the W portion o^ 
bourda^ scan cell is not disabled by the Disable signal, just TGl. If shorts 

absence of shor... the IC is placed in no^al operation to enable iTZlon, 
.e. boundary scan ceU set to nonnal mode and the Disable signal I 
macfvated. This sequencing from power up, to output disable, JZest 
opera^on and then to normal operation (if tes«ng passes) provide a ^ 

^.ectICoutputs^m,eingdanu^^«.econ™.«onal power up .^^^^ 
used w.^ pr,or art boundary scan ceUs. This procedure prevents the IC 
-juts from ever being subjected to voltage contention since the output 
buffers are not driven by the IC-s core logic untU the E^st operationL 
been performed to verify that no output shorts e^t or to identify shorts for 



The Disable signal need only be used on the initial power up of a newly 
assen^bled board containing ICS. After the ICs on a„ board have been tested 
for output shorts, the source of the Disable signal (a pin, ft. example) can be 
maci^vated or removed so that toure power up operations will cause the IC to 
«.^nonnaI operation immediately. Alternatively, however, the Disable 
signal canalso beused as desired, for example, each time the board is powered 
up. or selectively when the board is powered up. 

13 illustrates how the boundary scan cell of figure 6 can be 
desr^edte include the safe power up feature. the ceU in Hgure 12 the 
^ab e srgnal does not prevent the ceU of Kgure 13 from performing the 
Extest operation, it just disables TGI. 

The above^cribed invention thus provides advantages including: a 

short arcmt test procedure andprotectionmethodfornewlyassembledboards 
or multi-cbip modules; a Disable feature te allow IC output pins te go te non- 
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confUcting states on power up; testing for shorts prior to enabling the IC to 
enter nonnal operation; a sequence of steps at power up to insure that no 
shorts erist on IC output pins; and feedback designed into the IC output 
buffer, and the abiUty to disable the cote logic output to enable safe IC power 
up even with outputs shorted. 

Figure 14 iUustrates an alternate output ceU design that provides 
Sample, Extest and Intest operations without having to use TG3 of Figure 6 
therefore elinrinating its delay on signals during both test and normal IC 
operation. The output ceU of Figure 14 uses a three input multiplexer (Muxl) 
and additional select control signals (Select Input) instead of the two input 
Muxl of Figures 4 and 6. Muxl of Figure 14 receives input from the core logic 
(system data), input from the latchaMe output buffer 40, and the serial input 
Inputting the system data from the core logic directly to Muxl eliminates the 
need for the signal isolation capability provided by TG3 in Figmre 6 during 
Intest In Sample. TGl of Figure 14 is enabled and TG2 is disabled to allow 
nonnal system data flow. During Sample operation, Muxl is controUed to 
mput aie system data to Meml for capturing and shifting out. as previously 
described. In Extest. TGl of Figure 14 is disabled and TG2 is operated as 
previously described to update test data to the latahable output buffer 40 
During Ertest operation, Muxl is controUed to input the output pin data to 
Meml for capturing and shifting out, as previously described. In Intest, TGl 
of Figure 14 is disabled and TG2 is operated as previously described to update 
test date to the latohable output buffer. During Intest operation, Muxl is 
controUed to input the system data to Meml for capturing and shifting out. as 
previously described. 

In the exemplary ceU of Figure 14. the capturing of system and test date 
signals dming Sample and Intest does not require passing the signals through 
TGl. whereas the ceUs of Figure 4 and 6 can capture and shift out system and 
test data signals that respectively pass through TGl during Sample and Intest 

TI-19785 - 26- 



op^aaons, which verifies the TOl signal path. However, a special TGI path 
test opexaaon can be defined to aUow of Kg„re 14 to capture and Lt 
out system or teat data firom the output of TGI. 

^«^15"I"3trate3analtennateinimtcendesignthatprovidesSainple 
artest and mtest operations without having to use TG3 of Kgure 11. therefori 

el-miatingi.. delay onsignalsduringbothtestandnonnallCoperation. The 
mpu ceU of Figure 15 uses a three input multiplexer (Muzl) and additional 
select control signals (Select Input) instead of the two input Mu.1 of the 
Figures 10-11. Muxl of Hgure 16 receives input ^ the input pin. input 
from the mput of the latchable input buffer 103. and the serial input. 
Inpu«xng the input pin data directly to Mu.1 eliminates the need for the 
s.^ .solation capabiHiy provided by TG3 in Figure 11 during Extest. since 
m the ceU arrangement of Figure 16. TGI provides that function. In Sample 
TGI of Figure 15 is enabled and TG2 is disabled to allow normal system datj 
flow Dunng Sample operation. Mux! is controlled to input data from the 
latchable input buffer 103 to Meml fer capturing and shifting out as 
previously described, m Extest, TGI of Figure 15 is disabled and TG2 is 
operated to update test data from Meml to the latahable input buffer as 
previouslydescribedwithrespecttoFigure 11. During Extest operation, mI^I 
IS controUed to input the input pin data to Meml for capturing and shifting 
out, as previously described. In Intest, TGI of Kgure 15 is disabled and TG2 
IB operated to update test data from Meml to the latohable input buffer 103 
as previously described. During Intest operation, Muxl is contoUed to input 
system date from the output of the latohable input bu&r 103 to Meml for 
captunng and shifting out, as previously described with respect to Figure 11. 

In Figure 16, a cell similar to that of Figure 15 is shown having separate 
«mections for coupling the output of TG2 to the input of the latohable input 

buffer 103 andfor coupling the output of Uielatchableinputbuffertothe input 
toMuxL TheoperathmofthecellisthesameasinKgureiS. THe only 
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difference is that the data update operation from Meml to the latchable in™t 

.ffer(via^2)andthedatacapt.reo^tionfromtheUtchahutlt3: 
to Meml occur over separate comiecti™,. (ie. separate and distinct signal 

m d.e ceB of F.g„re 15. ^ 15, ^^^^^ 
buffer 103 is captured into Meml ™ the feedback path through the latch 
buffer, whereas in Figure 16 the data output from the latchable input buffer 
103 :s ^pt^ed into Meml via the direct com^ection between the output of the 
latchable mput buffer and Muzl. Some exemplary advantages of the separate 
^.^ec^ons for updating data to and capturing data from the latchable input 
buffer are: (1, ability to test the input bu&r since the input is controllable and 
the output is observable via separate comMctions to the Muxl/Meml/rG2 test 
arcuitry, and (2) reduction of the load driven by TGI (Muzl input is removed 
from thas load), which improves input signaling perfonnance from the input 
pm. throu^ TGI, to the latchable input buffer 103. 

The input and output cells of Kgmres 14, 15 and 16 provide the same 
advantages as stated for the cells of Figures 4. 6. 10 and 11. THe output ceH 
of Figure 14 can also be controlled as described with respect to the output ceU 
m Figure 12 to provide power up short; protection. 

Although e^mplaiy embodiments of the present invention are described 
above, this description does not limit the scope of the invention, which can be 
practiced in a variety of embodiments. 
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